and leakage of lactate dehydrogenase (LDH) from the cytosol into cell supernatants 93 ( Fig 1C) . We chose a 2 h pyolysin challenge based on previous kinetic studies where 94 50% of endometrial stromal cells were perforated after 2 h [14] . Furthermore, the 2 h 95 challenge reduces the likelihood of confounding cell protection with immune 96 responses to cytolysins, which are usually evident after 2 h in immune cells [28] . . First, we established that challenging HeLa cells with pyolysin 238 caused pore-formation, as determined by a reduction in intracellular potassium after 239 5 min ( Fig 5A) , a reduction in cell viability after 2 h ( Fig 5B) , and an increase in the 240 leakage of LDH from the cytosol into cell supernatants ( Fig 5C) . Fig 5F; two-way ANOVA, P < 0.0001).
281
Staining actin with phalloidin also showed that HeLa cells cultured in 282 glutamine lost their characteristic angular shape and became rounded when 283 challenged with pyolysin, although they usually maintained defined cell boundaries 13 284 ( Fig 5G) . However, cells deprived of glutamine and challenged with pyolysin were 285 more misshapen with less clear boundaries ( Fig 5G) . 286 We also took advantage of similar growth curves for HeLa cells irrespective of 287 the glutamine supply when cells were cultured with 10% fetal bovine serum, as 288 determined by MTT assay (Supplementary Fig 1) . Cells cultured with serum but 289 without glutamine prior to pyolysin challenge were more sensitive to cytolysis than 290 cells cultured in 2 mM glutamine ( Fig 5H; two-way ANOVA, P = 0.001). Together, the 291 data in Fig 5 provide evidence that glutamine supports HeLa cell protection against 292 cholesterol-dependent cytolysins.
293
294 Glutaminolysis was not essential for cytoprotection against pyolysin 295 One obvious mechanism for the cytoprotective effect of glutamine against 296 cholesterol-dependent cytolysins is that glutamine could supply cellular energy -297 even though the cells were supplied with excess glucose (11 mM for stroma, 25 mM 298 for HeLa cells). First we showed that glucose was used by the cells for energy 299 because inhibiting glycolysis with 2-deoxy-D-glucose (2DG) markedly increased LDH 300 leakage from stromal cells challenged with pyolysin, even when cells were supplied 301 with 2 mM glutamine ( Fig 6A) . To explore the importance of glutamine as an energy 302 substrate for cytoprotection, we examined the role of glutaminolysis, whereby 303 glutaminase converts glutamine to glutamate, which is metabolized to succinate to In conclusion, we found that glutamine supports the protection of tissue cells 428 against the damage caused by cholesterol-dependent cytolysins from pathogenic 429 bacteria. More work will be needed to determine the mechanism linking glutamine to 430 cytoprotection against cytolysins. However, the implication of finding that glutamine 431 supports cytoprotection is that glutamine may help tissues to tolerate pathogenic 432 bacteria that secrete cholesterol-dependent cytolysins. 449 UK) to isolate stromal cells, followed by adhesion to culture plates within 18 h, at
